INTRODUCTION {#sec1-1}
============

Antipsychotic drugs are very much essential in the management and treatment of various mental illnesses, such as schizophrenia and other psychoses. Although they have many beneficial effects, they are also not devoid of serious side effects.\[[@ref1]\]

The adverse effects of these drugs could be general health risk to serious metabolic disorders such as obesity and diabetic ketoacidosis. The patients\' noncompliance due to these side effects is already reported. One of the most marked untoward effects is the development of obesity. The extent of weight gain depends on the psychiatric drug used and its mechanism of action. Typical antipsychotics show relatively low weight gain, whereas the atypical drugs such as olanzapine exhibit high rate of weight gain in patients.\[[@ref2]\] It is proved that the strong affinity of olanzapine to bind and block serotonin (5-hydroxytryptamine \[HT\]) and histamine (H) receptors (5-HT~2C~, 5-HT~2A~, and H~1~) is closely associated with the weight gain.\[[@ref3]\]

Obesity is one of the serious health issues around the globe. It affects the routine lifestyle as well as the longevity of life. It is alarming that significant populations of many countries are obese, and the rate is increasing. Irrespective of the region and socioeconomic status, adult as well as childhood obesity is a major threat to human. In this scenario, development of obesity other than the normal metabolic disorders such as drug-induced obesity is of greater concern. Weight gain due to antipsychotic drugs attracts major attention as it is associated with hypertension, stroke, cardiovascular diseases, respiratory disorders, such as sleeping apnea, erectile dysfunction, and some kind of cancers. Weight gain due to olanzapine intake lead to patients\' non-compliance and discontinuation of medication, which subsequently causes the relapse of mental illness.\[[@ref4]\]

The management of weight gain induced by olanzapine has very limited options. Administration of betahistine, metformin, and fluoxetine is found to be effective to significant extents.\[[@ref5][@ref6]\] Inclusion of drugs which control the olanzapine-induced obesity is also a clinical concern due to the side effects of these agents and patients compliance. Natural compounds with low toxicity profiles may be well suited in search of an agent which can treat or manage the olanzapine-induced obesity. Compounds such as curcumin and myricetin are proved to be effective in controlling obesity and related conditions due to diet as well as metabolic disorders.\[[@ref7][@ref8]\]

Turmeric (*Curcuma longa*) belongs to the family of *Zingiberaceae* and is a spice used around the world. There were many compounds have been isolated from turmerics such as volatile oils and curcuminoids. Curcumin is a diferuloylmethane, the yellow pigment present in turmeric. The blood sugar lowering as well as anti-obesity activity of curcumin is well established by the animal as well as human studies. The preventive and curative effects of curcumin on obesity and obesity-related complications are exhibited through various mechanisms such as downregulation of tumor necrosis factor expression and suppression of nuclear factor-κB activation.\[[@ref7]\] Curcumin is found to be beneficial in the prevention and treatment of various pro-inflammatory chronic diseases such as neurodegenerative, pulmonary, cardiovascular, autoimmune, metabolic, and neoplastic diseases. Apart from anti-inflammatory action, it also exhibits hypoglycemic, antibacterial, antiviral, anticoagulant, antioxidant, antitumor, and anticarcinogenic activities.\[[@ref9]\] Curcumin inhibits both monoamine oxidase (MAO)-A and MAO-B receptors, producing antidepressant action.\[[@ref10]\] Kumar *et al*. were studied the effect of curcumin on dopamine receptor expression rate in streptozotocin-induced diabetic rats and found that curcumin inhibits cerebellum dopamine D1 receptor expression downregulation in the diabetic rats,\[[@ref11]\] which may help prevent antipsychotics-induced depression and pseudoparkinsonism.

The scientific information about the effectiveness of curcumin on body weight gain due to antipsychotics is very less even though it has a significant preventive effect. A few studies reported the activity of curcumin on olanzapine-induced weight gain. Ramesh *et al*. reported that the administration of curcumin (50 mg/kg) in combination with telmisartan (5 mg/kg) significantly inhibited the olanzapine-induced weight gain.\[[@ref12]\] In search of a safe and effective agent to treat the olanzapine-induced weight gain, the present study was carried out to explore the anti-obesity action of curcumin on olanzapine-induced weight gain in Sprague-Dawley (SD) rats.

MATERIALS AND METHODS {#sec1-2}
=====================

Chemicals {#sec2-1}
---------

Olanzapine and curcumin were purchased from Sigma-Aldrich, USA. Curcumin was suspended with 0.5% w/v of carboxymethyl cellulose (CMC). Olanzapine was dissolved in 0.1 N hydrochloric acid, and pH was adjusted to \~5.5 (using 0.1 N NaOH) and final volume was adjusted with distilled water.\[[@ref13]\]

Animals {#sec2-2}
-------

Healthy, adult, female SD rats weighing 160 ± 10 g were used for the present study. The experimental animals were obtained from the central animal house, AIMST University, Malaysia. The animals were housed in Wi-Fi free zone, large, spacious polyacrylic cages at an ambient room temperature with 12-h-light/12-h-dark cycle. The animals were fed with water, and normal rats pellet diet *ad libitum*. Prior approval was obtained from AIMST University Human and Animal Ethics Committee (AUHAEC2/FOP/SP/2015) to carry out the study, and the study was conducted according to the Animal Research Review Panel guidelines.

Effect of curcumin on olanzapine-induced obesity {#sec2-3}
------------------------------------------------

In preliminary studies, both male and female rats were used for the study and no significant body weight gain was observed in male animals treated with olanzapine 4 mg/kg intraperitoneal (IP). Hence, the study was carried out with female animals. Healthy, adult female rats were divided into six groups of six animals each and treated as follows:

Group I: Normal controlGroup II: Olanzapine control 4 mg/kgGroup III: Betahistine 10 mg/kg; olanzapine 4 mg/kgGroup IV: Curcumin 50 mg/kg; olanzapine 4 mg/kgGroup V: Curcumin 100 mg/kg; olanzapine 4 mg/kgGroup VI: Curcumin 200 mg/kg; olanzapine 4 mg/kg.

The animals in Group I were considered normal control and this group was treated with drug vehicle alone. Olanzapine was dissolved in 0.1 N hydrochloric acid, and betahistine/curcumin was suspended with 0.5% CMC. The Group II animals were treated with IP injection of olanzapine (4 mg/kg). The animals with Group III to VI were treated orally with betahistine 10 mg/kg, curcumin 50 mg/kg, curcumin 100 mg/kg, and curcumin 200 mg/kg, respectively, along with IP injection of olanzapine (4 mg/kg). All the drugs were administered once daily for 28 days. During the study, changes in body weight and behavioral alterations were monitored at regular intervals. On prestudy day and end of the study, rats were anesthetized with diethyl ether and 1 ml of blood was collected for biochemical analysis.

At the end of the study, the animals were sacrificed, and liver and kidney were harvested and weighted.

Body weight analysis {#sec2-4}
--------------------

Weight of each animal in each group was recorded at weekly intervals. The percentage change in body weight was calculated and recorded.

Behavioral analysis {#sec2-5}
-------------------

The locomotor activity, immobilization time, and grip strength were evaluated on prestudy day and end of the experiment using the method described by elsewhere.\[[@ref14]\]

### Locomotor activity {#sec3-1}

The rats\' activity was recorded in an actophotometer equipped with acrylic cage and six built-in photo sensors and digital counters\' beams on both X and Y horizontal axis. The individual rat activity was monitored at room temperature for 10 min.

### Water maze test (immobilization time) {#sec3-2}

The water maze consists of a circular tank with 90 cm diameter and wall 20 cm above the water level with 25°C water. Immobilization time was analyzed on the prestudy day and 28^th^ day of the experiment.

### Rota-rod test {#sec3-3}

Rota-rod apparatus was used to measure the time in seconds taken for the rats to fall from the rotating rod.

Biochemical analysis {#sec2-6}
--------------------

The blood was collected from all the animals through retro-orbital sinus puncture. The serum was separated by centrifugation at 3000 RPM for 20 min at 4°C and stored at −80°C until further biochemical analysis.

The serum sample was used for the estimation of the glucose, aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), urea, creatinine levels, total cholesterols (TCs), triglyceride (TG), and high-density lipoprotein-cholesterol (HDL-C) using a biochemical analyzer (ReflotronPlus System, Hoffmann-La Roche, USA). The low-density lipoprotein (LDL), HDL ratio, very-LDL (VLDL), and atherogenic dyslipidemia (AD) were calculated mathematically using formula TC/1.19 + TG/1.9 -- HDL- cholesterol /1.1 -- 38, \[HDL-cholesterol/TC--HDL-cholesterol\] × 100 \[%\], LDL/5 and log (TG/HDL-cholesterol), respectively.\[[@ref15][@ref16]\]

Gross pathology {#sec2-7}
---------------

At the end of the study, animals were sacrificed by cervical dislocation, abdomen was opened, and gross pathology was observed. The liver and kidney (both) were removed and absolute weight was measured.

Histopathological analysis {#sec2-8}
--------------------------

Part of the liver and kidney samples from normal control, olanzapine control, betahistine, and curcumin 200 mg/kg treated groups was preserved in 10% neutral formalin for histopathological analysis. The liver and kidney samples were embedded in paraffin after being dehydrated in alcohol and subsequently cleared with xylene. Five-micrometer thickness of liver and kidney section was prepared from paraffin blocks and stained with hematoxylin and eosin and mounted in neutral DPX medium, and the sections were examined under a light microscope.

Statistical analysis {#sec2-9}
--------------------

The mean ± standard error of the mean values was calculated for each group. Statistical differences between the groups were determined using repeated measure ANOVA, followed by Tukey\'s *post hoc* test. *P* \< 0.05 is considered statistically significant.

RESULTS {#sec1-3}
=======

The animals treated with olanzapine and olanzapine + curcumin 50 mg showed a significant increase in body weight when compared to that of control \[[Table 1](#T1){ref-type="table"}\]. The curcumin 100 and 200 mg/kg treated animals showed significant inhibition in olanzapine-induced weight gain \[[Figure 1](#F1){ref-type="fig"}\]. At the end of the study, no significant changes in locomotor action and muscular grip strength were observed \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. In behavioral analysis, olanzapine and olanzapine + curcumin treated animals showed a significant reduction in immobilization time at the end of the study \[[Table 4](#T4){ref-type="table"}\].

###### 

Effect of curcumin on olanzapine-induced body weight gain of Sprague-Dawley rats

![](PR-9-247-g002)

![Percentage changes in body weight alterations of experimental animals. All the values are mean ± standard error of the mean (*n* = 6)](PR-9-247-g003){#F1}

###### 

Effect of curcumin on locomotor activity of Sprague-Dawley rats
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###### 

Effect of curcumin on grip strength (rota-rod) of Sprague-Dawley rats
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###### 

Effect of curcumin on immobilization time of Sprague-Dawley rats

![](PR-9-247-g006)

In biochemical analysis, no significant changes were observed in prestudy analysis. At the end of the study, olanzapine-control animals showed a significant increase in levels of AST, creatinine, TC, TG, LDL, VLDL, and AD levels compared with control group. The rat treated with olanzapine showed a significant increase (*P* \< 0.05) in creatinine levels as compared to normal, whereas the animals treated with curcumin 200 mg/kg prevented the olanzapine effect on creatinine \[[Table 5](#T5){ref-type="table"}\].

###### 

Effects of curcumin on serum biochemical parameters of Sprague-Dawley rats

![](PR-9-247-g007)

The animals treated with olanzapine and challenged with curcumin 50 and 100 mg/kg animals also showed significant increases in lipid profile, except HDL levels. Curcumin 200 mg/kg treated animals prevented the olanzapine\'s effect on lipid profile and also prevented the AD. The significantly increased level of VLDL was observed in olanzapine control and curcumin-treated groups. When compared to curcumin, betahistine showed significant lipid lowering effect and weight reduction effect in olanzapine-treated animals. Overall, betahistine and curcumin 200 mg/kg treated animals prevented olanzapine-induced hypertriglyceridemia and weight gain in rats \[[Table 6](#T6){ref-type="table"}\]. No significant changes in absolute and relative organ weight changes in liver and kidney were observed \[[Table 7](#T7){ref-type="table"}\]. In the histopathological analysis, olanzapine-control animals showed mild degeneration of hepatocytes in the liver and moderate to severe tubular cell degeneration in kidneys \[Figure [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\]. Olanzapine + betahistine and olanzapine + curcumin 200 mg/kg treated animals showed mild degeneration of hepatocytes in the liver \[[Figure 2c](#F2){ref-type="fig"} and [e](#F2){ref-type="fig"}\]. Mild tubular cell degeneration in kidneys was seen in olanzapine + betahistine treated animals \[[Figure 2d](#F2){ref-type="fig"}\].

###### 

Effects of curcumin on plasma lipid profile of Sprague-Dawley rats

![](PR-9-247-g008)

###### 

Effect of curcumin on absolute and relative organ weight of Sprague-Dawley rats

![](PR-9-247-g009)

![Histopathology of organs of olanzapine and curcumin treated animals. (a) Section from liver of olanzapine 4 mg/kg treated animals showing mild degeneration of hepatocytes and fatty changes (H and E, ×400), (b) section from kidney of olanzapine 4 mg/kg treated animals showing moderate to severe tubular cell degeneration (H and E, ×400), (c) section from liver of betahistine mg/kg treated animals showing mild degeneration of hepatocytes (H and E, ×400), (d) section from kidney of betahistine mg/kg treated animals showing mild tubular cell degeneration (H and E, ×400), and (e) section from liver of curcumin 200 mg/kg treated animals showing mild degeneration of hepatocytes (H and E, ×400)](PR-9-247-g010){#F2}

DISCUSSION {#sec1-4}
==========

Curcumin at 200 mg/kg and betahistine were significantly inhibited the olanzapine induced body weigh gain and hypertriglyceridemia. This suggests that curcumin inhibited the olanzapine induced body weigh gain at high dose levels, whereas curcumin 50 and 100 mg/kg failed to revise the olanzapine-induced metabolic effects. When comparing overall results, curcumin required a higher dose or prolonged duration to control the olanzapine-induced metabolic effects than betahistine.

In pilot studies, olanzapine did not increase the body weight of male animals; hence, female animals were used for the experiment. Albaugh *et al*. also reported the same.\[[@ref17]\] In the main study, olanzapine and curcumin administered animals showed an uneven pattern of food intake and could not find any statistical variations in regular food and water intake. In many studies, olanzapine showed a significant increase in body weight, which is mainly attributable to an increase in body fats.\[[@ref1]\]

Many authors are studied the effect of betahistine, Metformin, ranitidine, and melatonin against olanzapine-induced weight gain,\[[@ref18][@ref19]\] but the clinical efficacy is not established. Olanzapine-control animals exhibited decreased locomotor activity at the end of the study, but the values are not significant. This may be due to olanzapine-induced weight gain and increased adiposity.\[[@ref20]\] van der Zwaal *et al*. also studied the effect of olanzapine on the locomotor action in male rats and concluded that olanzapine reduced the locomotor effect due to the alterations in the energy balance.\[[@ref21]\]

At the end of the study, olanzapine-control animals showed increased levels of glucose, liver enzymes, and urinary markers, and this was supported by histopathological reports. Olanzapine is known to cause hyperglycemia and hypertriglyceridemia, and the same was reported in many studies.\[[@ref22][@ref23]\] Olanzapine-control rats showed an increase in their aminotransferase level compared to other groups. The pathogenesis of olanzapine-associated hepatotoxicity is still not well known and is mostly a transient phenomenon.\[[@ref24]\] In the present study, nephrotoxicity was observed with olanzapine-control group which was not observed in curcumin-treated group. In other studies also, olanzapine-treated rats (0.5 and 2.5 mg/kg/day) showed nephrotoxicity and this may be due to oxidative stress.\[[@ref25]\] Curcumin at higher doses/chronic administration may alter the metabolic effects of olanzapine. Curcumin is known to have anti-obesity, antidiabetic, anticancer, and antihyperlipidemic effects.\[[@ref26][@ref27]\] Curcumin also has neuroprotective effect, but the mechanism is not clear. It was hypothesized that neuroprotective effect of curcumin is due to its inhibition of Wnt/β-catenin signaling pathway and anti-inflammatory and antioxidant properties.\[[@ref28][@ref29]\] Weight gain due to inhibition of dopamine receptors by olanzapine is a well-known fact.\[[@ref30][@ref31]\] Kumar *et al*. studied the curcumin effect on dopamine (both D~1~ and D~2~) receptor expression rate and found that curcumin increases the expression of D~1~ and D~2~ dopamine receptor (upregulation) in cerebral cortex of diabetic rats.\[[@ref11]\] Curcumin also revokes the depleted levels of serotonin and dopamine without affecting norepinephrine.\[[@ref10]\] The open-label study of curcumin C-3 complex in schizophrenia also in progress to evaluate the beneficial effects in the treatment of schizophrenia (NCT01875822).\[[@ref32]\] If curcumin shows any beneficial effects in the treatment of schizophrenia which may give a new therapeutic lead to avoid the using existing pharmaceutical substances or may give adjuvant treatment regimen to reduce the severity of adverse events caused using existing pharmaceutical substances.

In this study, we have evaluated the effect of curcumin on olanzapine-induced body weight gain and found that curcumin 200 mg/kg inhibits the olanzapine-induced body weight gain. This may be due to curcumin\'s antioxidant and dopaminergic effects.

CONCLUSION {#sec1-5}
==========

Chronic administration of olanzapine has increased body weight and altered the metabolic pattern of the animals, whereas curcumin 200 mg/kg administration significantly inhibited the olanzapine-induced weight gain. The antioxidant and dopaminergic effects of curcumin have to be investigated further to confirm the mechanism.
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